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RENAL FUNCTION AFTER CORONARY BYPASS SURGERY IN PATIENTS WITH PRE-DIABETES

Kremneva L. V., Suplotov S.N.

Aim. To reveal the predictors of renal dysfunction due to surgical revascularization
of myocardium in stable angina patients with prediabetes.

Material and methods. Totally, 48 patients with prediabetes studied, having
indications for coronary bypass grafting (CBG) at the age 60+7,4 years with
coronary heart disease (CHD) anamnesis 6+5,4 years. Multivessel disease of
coronary vessels had 68,8% of patients, LCA stem stenosis >50 % had 10,9% of
patients. On-pump CBG was done in 87,5% of patients, off-pump — 12,5%.
Duration of on-pump period was 95+23 min., number of distal anastomoses for one
patient — 2,8+0,8. Baseline, on the first and second days post-CBG, and if needed
later, the creatinin concentration was measured in the blood, as glomerular filtration
rate (GFR) by CKD-EPI equation. Of the development of renal dysfunction in CBG we
decided if GFR decreased below 60 mL/min/1,73 m’. In statistics we took continuous
variables as M+SD and as Me (25%-75%) depending on the type of distribution.
Renal dysfunction predictors were defined with the method of staged regression.
Results. In patients with stable angina and prediabetes we found moderate
transient decrease of GFR after CBG comparing to the baseline level with Me 89,4
(78-105) to Me 77,8 (59-96) mL/min/1,73 m’ (p<0,01). Significant decrease of GFR
after CBG had the patients with in-hospital complications (introperational myocardial
infarction, acute heart failure, atrial fibrillation paroxysm) — Me 92 (82-107) and Me
72,4 (56-89) mL/min/1,73 m’, p=0,000 differ from the patients groups not having
complications, p=0,797. The part of persons developing CBG related renal
dysfunction was 21,7%. Decrease of GFR <60 mL/min/1,73 m’ after CBG is
associated with older age, lower baseline GFR and longer on-pump period.
Conclusion. Among patients with stable angina and pre-diabetes the part of those
developing CBG related renal dysfunction was 21,7%. The increase of on-pump

time more than Me 105 (86-136) minutes significantly increased the relative risk of
renal dysfunction development after CBG.
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®YHKLUNA NOYEK NOCJIE KOPOHAPHOIO LUYHTUPOBAHUS Y NALMEHTOB C NPEAUABETOM

Kremneva L. V., Suplotov S.N.

Llenb. BbiSBUTL NpeaykTopbl passuTvs AUCOYHKLMM NOYEK MOCIe XMPYPruYeckoi
peBackynspu3aLmm Mrokapaa y 60mbHbIX CTabuibHON CTeHOKapameii ¢ npeaynabeTom.
Martepuan u metogbl. O6¢cnenoBaHo 48 60sbHbIX C NpeanabeToM, MMEIOLLX NoKa-
3aHMs K KopoHapHoMy WwyHTupoBanus (KLL) B Bo3pacTte 60+7,4 net ¢ AnuTenbHo-
CThiO MLeMnyeckoit 6onesHn cepaua 6+5,4 roga. MHOrococyaucToe nopaxenue
KOPOHaPHbIX COCYA0B MMenoch Y 68,8 %, CTEHO3 CTBONA NIEBOV KOPOHAPHOW apTe-
pun >50% — y 10,9% nuu. Onepaums KLL B ycnoBusix NCKYCCTBEHHOMO KPOBOOGpa-
wenns (UK) BoinonHeHa y 87,5 %, Ha paboTatowem cepaue — y 12,5% 6GonbHbIX.
OnutensHocTb WK coctaBuna 9523 MUH., KONMYECTBO AMCTaNbHBIX @HACTOMO30B
Ha ofiHoro naumenTa — 2,8+0,8. MicxoaHo, B nepBble 1 BTOpble cyTkv nocne KLU, npu
HeoBxoAMMoCTN B 60nee MO3AHUE CPOKW, UMEPSIN KOHLIEHTPaLMIO KpeaTuHIHa
B KPOBW, paccuuTbiBanM CKOPOCTb kiny6oukoBor dunbtpaunmn (CK®P) no dpopmyne
CKD-EPI. O passutum aucohyHkumm noyek B ceasu ¢ KLU cyamnm no cHuxenmto CKD
Hxe 60 mMa/mMuH/1,73 M. Tpy cTatucTdeckoin 06paboTke MaTepUanoB HeMpepsIB-
Hble NepeMeHHble NpefcTaBneHsl kak M+SD nnm kak Me (25 %-75 %) B 3aBUCUMO-
CTM OT TMNa pacnpenenexys. MpeavkTopbl pasBUTHS NOYEYHOW AVCHYHKLMM onpe-
Llensiny METOZIOM MOLLAroBOro PErpecCroHHOro aHanmaa.

Pesynbratbl. Y 605bHbIX CTaBULHON CTEHOKApAMel C NpefnabeTom BbISBNEHO
yMepeHHoe TpaHauTopHoe cHuxeHne CK®d nocne KLU B cpaBHEHWM C UCXOAHBLIM
ypoBHeM ¢ Me 89,4 (78-105) no Me 77,8 (59-96) mn/MuH/1,73 Mz(p<0,01 ). 3Ha4m-

Coronary artery bypass grafting (CABG) is one of the
most effective treatments for coronary artery disease
(CHD) patients with multivessel coronary artery discase.
However, CABG, as any invasive procedure, has a certain
risk of complications, among which renal dysfunction is
quite frequent. According to different authors, the inci-
dence of renal dysfunction after CABG is between 8 and

Moe cHikeHne CK® nocne KLU umenock y au, ¢ rocnnTanbHbIMU OCIOXHEHUSIMU
(MHTPaonepauUnoHHbIN MHPAPKT MUOKApAa, OCTPast CepAeyHas HEAOCTAaTOYHOCTb,
napokcusm eubpunnauumn npeacepauii) — Me 92 (82-107) n Me 72,4 (56-89) mn/
MUH/1,73 Mz, p=0,000 B 0OTANYME OT FPYNMbl NALMEHTOB, HE UMEBLUMX OCNTOXHEHWIA,
p=0,797. Lons nuu, ¢ pa3emBLuerics B cBa3m ¢ KL noveyHon ancdyHkumeit cocra-
Buna 21,7%. CHumxeHne CKD <60 mn/mun/1,73 M nocne KLU accouMnpoBaHo
¢ 6onee cTapLum BO3pacToM, 6onee HU3KoI ncxoaHoi CKD 1 6onee npomonxu-
TenbHbIM nepuosom UK.

3aknioyeHune. Cpeay 60nbHbIX CTabWILHOM CTEHOKapAME ¢ npeanabeTom aons
nuy, ¢ passuBlelics B cBsasn ¢ KLU noyeyHoit aucdyHkumein coctasuna 21,7%.
YBenvyenve npoponxutensHoctn UK 6onee Me 105 (86-136) MUHYT 3HauMmoO
NOBbILLIANO OTHOCUTENbHbIN PUCK Pa3BUTUS AMCHYHKLMK novek nocne KLL.
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30% and is associated with an increased risk of hospital
complications and mortality [1-3].

Factors, predisposing for the renal dysfunction process
after CABG, include age, diabetes mellitus (DM), chronic
heart failure (CHF), increased baseline blood creatinine
level, a long period of cardiopulmonary bypass (CP), aorta
occlusion, etc. [2, 4].
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Among patients undergoing surgical myocardial revascu-
larization, about 30-40% are people with carbohydrate metab-
olism disorders (CMD) [5]. However, the incidence and risk
factors for renal dysfunction after CABG among these patients
are not studied.

The aim of the study was to identify predictors of renal
dysfunction in connection with surgical myocardial revascular-
ization in patients with stable angina with early carbohydrate
metabolism disorders.

Materials and methods

The study included patients with chronic CHD with early
CMD admitted to the hospital for CABG surgery. Indications
for CABG were determined in accordance with the recommen-
dations on myocardial revascularization (ESC/EACTS, 2010)
[6]. Exclusion criteria from the study included age over 75 years,
DM, myocardial infarction (MI) and cerebral crisis not older
than two months, significant stenoses of the brachiocephalic
arteries, valvular heart disease and left ventricular aneurysm,
which required surgical treatment, erosive gastritis and exacerba-
tion of peptic ulcer, acute inflammatory diseases and exacerba-
tion of chronic inflammatory diseases, severe diseases of kidneys,
liver and lungs, terminal CHE cancer pathology.

Before surgical myocardial revascularization, all patients
underwent an examination including blood tests, urine tests,
biochemical blood test, in particular creatinine level measure-
ment, an oral glucose tolerance test (GTT), electrocardiogra-
phy (ECG), echocardiography (EchoCG), ultrasound exami-
nation of brachiocephalic arteries, arteries and veins of the
lower extremities, fibrogastroscopy, coronary angiography by
M. R. Judkins technique (1967) using a Philips Polidiagnost C
(Netherlands) angiographic complex.

Blood creatinine was measured by Jaffe method using Syn-
chron CX Systems (Beckman Coulter, USA). Kidney function
was assessed by glomerular filtration rate (GFR) in accordance
with the classification of chronic kidney disecase (CKD) NKF/
KDOQI (2002) [7]. GFR was calculated by the CKD-EPI
formula [8]. All patients, except patients with known DM,
underwent an oral GTT using standard methods. The criteria
for diagnosis of early CMD (pre-diabetes), which included
fasting hyperglycemia (study twofold of fasting glucose
>5,5<6,1 mmol/l) and impaired glucose tolerance test (IGTT)
(blood glucose 2 hours after a glucose load >7,8<11,1 mmol/1),
were conventional (WHO, 1999; WHO and ADA, 2003) [9].
Blood glucose was measured by an electrochemical method
with chip sensors using BIOSEN C line clinic equipment
(Germany). On days 1 and 2 after CABG or later, if necessary,
blood creatinine was re-measured and GFR was calculated by
the above mentioned formula. The renal dysfunction process
due to CABG was judged by the decrease in GFR less than
60 mL/min/1,73 m". One day after CABG, and later as neces-
sary, blood troponin T level (TnT) was measured in all patients
using the Cardiac reader semiquantitative immune chromato-
graphic assay device (Roche Diagnostics, Switzerland).

The following hospital complications were evaluated before
discharge: cases of intraoperative MI, acute heart failure,

which required the use of inotropic agents; paroxysmal atrial
fibrillation, cardiac death. Intraoperative MI was diagnosed
based on the recommendations (2007).

The ethics committee approved the study protocol. All par-
ticipants provided written informed consent prior to inclusion.

Among 200 patients with chronic CHD admitted to hospi-
tal for CABG, early CMD was detected in 64 (32%) individu-
als. 10 patients were not included in further analysis by exclu-
sion criteria. GFR was determined at least three times after
CABG in 48 of 54 patients with early CMD. The average age
of 48 patients with CHD with pre-diabetes was 60%7,4 years;
CHD duration was 6,215,4 years. There were 37 (77,1 %) men
and 11 women (22,9%). With reference to the classification by
the Canadian Cardiovascular Society, FC II angina was diag-
nosed in 6 (12,5%), FC 11l in 37 (77,1%) and FC IV in 5
(10,4%) patients. 39 (81,3%) patients had a history of MI.
According to the NYHA classification, symptoms of CHF 1
FC were found in 1 (2,1%), 11 FC in 19 (39,6%), and 111 FC
in 28 (58,3 %) patients. 15 (31,3%) patients smoked; 46
(95,8%) patients had arterial hypertension, 27 (56,3%) patients
had obesity. GFR of under 60 mL/min/1,73 m’ before CABG
was found in 1 (2,1%) patient. Coronary angiography sug-
gested single-vessel coronary disease in 5 (10,4%) patients,
two-vessel coronary disease in 10 (20,8%) patients, multivessel
coronary disease in 35 (68,8%) patients, left main coronary
artery stenosis greater than 50% in 5 (10,9%) patients. Prior to
CABG surgery, 23 (47,9%) patients received angiotensin con-
verting enzyme inhibitors or angiotensin II receptor blockers,
13 (27,1%) patients received calcium antagonists, 46 (95,8%)
patients received beta-blockers, 24 (50%) patients received
statins, and 42 (87,5%) patients received long-acting nitrates.

CABG under CP conditions was performed in 42 (87,5%)
patients and on a beating heart in 6 (12,5%) patients. The dura-
tion of CP was 94,8423 minutes and of aorta occlusion
45,5+15 minutes. The number of distal anastomoses per
patient was 2,810,8.

During the period of hospitalization 7 (14,6%) cases of
intraoperative MI, 13 (27,1%) cases of acute heart failure,
which required the use of inotropic agents, were registered; 10
(20,8%) patients had paroxysmal atrial fibrillation. There were
no deaths. TnT level in the whole sample of patients was
0,420,52 ng/mL and 1,32+0,74 ng/mL in patients with MI.
Complications during the hospital period (cases of intraopera-
tive MI, acute heart failure, paroxysmal atrial fibrillation)
occurred in 23 (47,9%) patients; none of these complications
was recorded in 25 (52,5%) patients.

Statistical processing of the study materials was performed
using the SPSS software package. Results are presented as
M=SD, where M is an arithmetic mean and SD is a standard
deviation, or as Me (25%—75%), which is a median (inter-
quartile range of percentile 25-percentile 75), depending on
the distribution type. To assess the significance of differences
between groups Student’s t-test, Mann-Whitney U-test and
the method of percent comparing were used. The reliability of
the dynamics of indicators was determined using the paired
Student’s t-test or Wilcoxon test, depending on the distribution
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type. To identify characteristics of prognostic value, the step-
wise logistic regression analysis method was used. Characteris-
tics differences with a significance level of P<0,05 were judged
to be significant.

Results

In our study, we obtained data that the rate of earty CMD in
patients with CHD, who were hospitalized for CABG, was 32%.

In patients with chronic CHD with early CMD a decrease
in GFR after surgical myocardial revascularization compared
with the baseline Me from 89,4 (77,6-104,8) to Me 77,8 (58,7-
95,6) mL/min/1,73 m’ (P<0,010) was reglstered The number
of patients, who had GFR<60 mL/min/1,73 m’ after CABG,
increased from 2,1% (1 patient) to 22,9% (11 patients)
(P<0,064). The proportion of people with renal dysfunction
due to CABG was 21,7% (10 patients). None of the patients
had a reduction in GFR less than 30 mL/min/1,73 m  after the
intervention. The maximum decrease in GFR occurred on the
day one or two after CABG and was transient; by the time of
hospital discharge, GFR reached baseline in most patients.

Dynamics of GFR in patients with renal dysfunction due
to CABG was the following: Me 81,5 (71,7-106,9) and Me
47,4 (39,1-56,3) mL/min/1,73 m’ before and after operation,
respectively, P=0,003. In the group of patients who did not
have renal dysfunction after CABG (n=37), the change in
GFR was not significant (P=0,252) and was the following: Me
91,2 (81,6-104,6) and Me 85,6 (70,2-99,6) mL/min/1,73 m’
before and after the intervention, respectively.

We have analyzed GFR dynamics in some groups of the
patients: patients who had CABG under CP conditions or on
a beating heart without CP use; as well as in groups of patients
with complications during the hospital period or in patients
who did not have complications (cases of intraoperative MI,
acute heart failure, which required use of inotropes, paroxys-
mal atrial fibrillation).

In the group of patients who had CABG under CP condi-
tions, we observed a decrease in GFR with Me from 89,1 (76,3-
103,7) to 77,6 (57,8-98,4) mL/min/1,73 m P=0,036. In the
group of patients who had an operation w1th0ut CP use, GFR
also decreased from Me 96,4 (81,9-107,9) to Me 82,9 (63,4-
91,8) mL/min/1,73 m P=0,046. Consequently, GFR signifi-
cantly decreased in both groups, both when performing CABG
under CP conditions and without CP use. However, significant
differences in the level of GFR decrease due to CABG between
the analyzed groups of patients have not been identified: in the
group of patients who had an operation with the use of CP, GFR
decrease was 29,4%3,1%, and in the group of patients who had
an operation without CP use, it was 19,5+4,6%, P=0,392.

In the group of patients with complications during hospital
period after CABG (n=23), a decrease in GFR in relation to
the baseline was observed from Me 92 (81,8-106,9) to Me 74,2
(56,3-89,2) mL/min/1,73 m P=0,000. In the group of
patients who did not have the above mentioned complications,
no significant GFR dynamics was registered: Me 85,1 (76,2-
100,2) and Me 79,5 (61,1-102) mL/min/1,73 m’ before and
after the intervention, respectively, P=0,797.

Consequently, our study found that moderate transient
decrease in GFR due to CABG in patients with CHD with
pre-diabetes was observed in the whole sample of patients; in
patients who have surgery performed under CP conditions,
and on a beating heart without the use of CP; a more pro-
nounced decrease in GFR after the intervention was registered
in the group of patients, who had complications during the
hospital period.

To identify predictors of renal dysfunction due to CABG,
the patients with chronic CHD with early CMD were divided
into 2 groups: patlents who after CABG had GFR less than
60 mL/min/1,73 m (n=11); and patlents who after CABG
had GFR higher than 60 mL/min/1,73 m’ (n=37). In patients
of the two groups the following parameters were analyzed:
clinical and biochemical characteristics, EchoCG results,
angiographic parameters, number of cardiovascular risk fac-
tors, blood glucose levels during OGTT, surgery indicators,
average and peak values of glycaemia on day one after the
intervention, need for short-acting insulin use for hyperglyce-
mia correction on day one after the surgery and conducted
therapy. The analysis included 68 characteristics. Indicators,
for which there were differences (P<0,05) between these
groups of patients, are presented in the 7able.

It follows from the Table that a decrease in GFR after
CABG less than 60 mL/min/1,73 m’ was associated with older
age, lower baseline GFR and a prolonged period of CP.

Figures, presented in the Table, are included in a stepwise
logistic regression analys1s A predictor of decrease of GFR less
than 60 mL/min/1,73 m ’ due to CABG in patients with chronic
CHD with pre-diabetes was an indicator of CP duration
(p=0,034, X2=4,232, P=0,040, the relative risk is 1,035, 95%
confidence interval is 1,002-1,069). Thus, the increase of the CP
duration over Me 105 (86-136) minutes significantly increased a
relative risk of the renal dysfunction process (GF R decrease after
the intervention to less than 60 mL/min/1,73 m ) due to CABG.

Discussion
Due to the steady increase in the number of patients with
CMD or with renal dysfunction in a general population of the
world population, the percentage of people with pre-diabetes,

Table
Indicators associated with a reduction
in GFR to <60 mL/min/1,73 m’ due to CABG
in patients with chronic CHD with pre-diabetes
Indicators GFR* after CABG (mL/ P
min/1,73 m’)
>60(n=37) <60 (n=11)
Age (years) 59+7,2 63+7,2 0,039
58 (53-62) 66 (59-69)
Baseline GFR* (mL/min/1,73 mz) 93£17,6 82+21.2 0,010
91(82-105)  81,5(71.7-106.9)
CP' duration (min) 9021 10825 0,030
85(74-100) 105 (86-136)

Annotation: the top row of the Table presents data of M+SD, the bottom row pre-
sents median and interquartile range.

Abbreviations: GFR* — glomerular filtration rate, cP' — cardiopulmonary bypass.
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as well as with CKD, referred to surgical myocardial revascu-
larization, are also increasing.

According to the analysis conducted in previous studies,
the percentage of people with early CMD among patients
with CHD is 37% [10]. Similar results were obtained in our
study: the percentage of patients with pre-diabetes among
patients hospitalized for CABG was 32%. According to
I.Z. Kiladze et al. (2013) and J. Chalmers et al. (2012) [11,
12], the occurrence of 111 stage CKD among patients referred
to CABG was 3,1%—5,4%.

In our study, as well as in the works of Y.A. Morozov et al.
(2008), A.N. Shonbin et al. (2013) and 1. Z. Kiladze et al. (2013)
[2, 4, 11], there was a moderate decrease in GFR after surgical
myocardial revascularization compared with baseline. The fre-
quency of re-developed renal dysfunction due to CABG in
patients with CHD with pre-diabetes was 21,7%, which is also
consistent with the results found in the literature on patients with
stable angina: from 8% to 30% |3, 13]. Therefore, when analyz-
ing the results of our restudy and data found in the literature, we
did not receive confirmation of the fact that in patients with sta-
ble angina with pre-diabetes the incidence of renal dysfunction
due to CABG is higher than in patients without CMD.

GFR decrease due to CABG was registered in interven-
tions performed under CP conditions as well as in interventions
on a beating heart without CP use. No significant differences
in the severity of GFR decrease between groups of patients of
CABG performed under CP conditions and on a beating heart
without CP use were found, although the literature provides
evidence that in interventions under CP conditions the inci-
dence and severity of the following renal dysfunction is lower
compared with interventions on the beating heart without CP
use [11]. The discrepancy of our results and the data found in
the literature is probably due to the fact that in our study the
group of patients who had CABG on a beating heart without
CP use was small (n=6).

We have also found that in patients who had complications
during the hospital period following CABG, GFR decrease
was more pronounced than in patients who did not have the
complications.
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